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(54) MANUFACTURE OF SEMICONDUCTOR SUBSTRATE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To improve uniformity in the 
film thickness of a semiconductor layer and reduce the 
time required for manufacturing, in manufacturing a 
semiconductor substrate having a semiconductor layer 
electrically insulated from a base substrate provided on 
the base substrate, « 
SOLUTION: A SOI substrate 8 is completed by carrying 
out (a) a first ion implantation step of implanting fluorine w 
ions into a single crystal silicon substrate 1 having a 
contamination protective film 2 formed thereon and thus 
forming a crystal defect region 3, (b) a second ion 
implantation step of implanting hydrogen ions into the 

single crystal silicon substrate 1 and thus forming a peel-off element distribution layer 4 in 
the crystal defect, region 3, (c) and (d) a bonding step of carrying out hydrophilic 
treatment on the surfaces of the single crystal silicon substrate 1 and a base substrate 5 
and then bonding the substrates 1 and 5 on the hydrophilic-treated surfaces, (e) a peel-off 
step of peeling off the single crystal silicon substrate 1 at the part of the peel-off element 
distribution layer 4 by heat treatment and thus forming a single crystal silicon thin film 7, 
and (f) a pianarization step of improving the surface roughness of the peel-off surface of 
the single crystal silicon thin film 7. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the manufacturing method of the semiconductor 
substrate which provides the semiconductor layer for element formation in the state where it 
insulated with this electrically, on a base board. 
[0002] 

[Description of the Prior Art]There is a SOI substrate considered as the composition which provides a 
single-crystal-silicon thin film as a semiconductor layer as this kind o.f a semiconductor substrate, for 
example. Although such a SOI substrate is manufactured by various methods from before, a 
manufacturing method which was indicated in JP,H5-211128,A is known as a method of 
manufacturing comparatively easily. 

[0003]That is, this manufacturing method forms the ion implantation layer from which pouring ion 
was distributed over the prescribed depth of the single crystal silicon substrate as the 1st step by 
carrying out the ion implantation of hydrogen gas or the rare gas from that oxide film side into the 
single crystal silicon substrate by which the oxide film for contamination protection was formed at 
the upper surface. Next, the base board which comprises the silicon wafer covered with the insulator 
layer is pasted together to the field by the side of the ion implantation of the above-mentioned single 
crystal silicon substrate, and it is made to combine with it by law etc. as the 2nd step. The exfoliation 
phenomenon bordering on the micro void portion formed in said ion implantation layer is caused by 
heat-treating as the 3rd step to the one thing of the above-mentioned single crystal silicon substrate 
and a base board. Thereby, the SOI substrate in the state where the single-crystal-silicon thin film 
pasted up via the insulator layer is formed on a base board. 
[0004] 

[Problem to be solved by the invention]ln order to form the ion implantation layer of state sufficient 
in the above manufacturing methods to cause an exfoliation phenomenon in a single crystal silicon 
substrate, It is necessary to set up the dose of ion very so much (1x10 16 - 1x10 17 atoms / cm 2 grade 
when it is a hydrogen ion). For this reason, the throughput in that ion implantation process gets 
worse, and the problem that manufacture of a SOI substrate takes a long time comes out. 1 
[0005]On the other hand, it is 2 steps of helium and hydrogen ion-implantation technology (helium: 
cm[ 5x10 15 atoms / ]- 2 and) about a substrate exfoliation phenomenon. Hydrogen: It is known that it 
can attain by 1.5x10 "atoms / cm 2 (the 2nd separate volume of the 58th Japan Society of Applied 
Physics academic lecture meeting lecture proceedings (1997.10/Akita University), 818 pages, 3 p-PB- 
2 reference). However, even if it applied this technology to SOI substrate processing, as compared 
with the case where only hydrogen is poured in, an injection rate cannot be reduced so much. 
Therefore, even if it considers a 2 steps of helium and hydrogen ion implantation from a point of a 
throughput, it is hard to consider it to be a not necessarily effective technique. 
[0006]Distribution of the ion generally poured in into the solid is distributed with a certain amount of 
breadth to the average pouring depth. It is thought that the breadth of this pouring depth affects the 
homogeneity of the thickness of the thin film layer obtained by substrate exfoliation. Although the 
factor which determines the breadth of the pouring depth is various, since the spatial distribution 
quantity of an injection element will increase if an injection rate becomes large, the breadth of a 
depth direction also becomes large. Therefore, if it is possible to reduce an injection rate, 
improvement in the thickness uniformity of the thin film obtained by substrate exfoliation will also 



be attained. 

[0007]Made in order that this invention may solve the above problems, the purpose is to aim at the 
reduction of the amount of ion implantations or the reduction of implantation processes used by a 
substrate peeling process. It is in providing the manufacturing method of the semiconductor 
substrate which can raise the thickness uniformity of the thin film which shortening of was attained 
substantially and exfoliated the time which manufacture takes depending on the case by reducing 
the amount of ion implantations especially. 
[0008] 

[Means for solving problem]ln [ according to the manufacturing method of the semiconductor 
substrate indicated to Claim 1 ] the 1st ion implantation process, The crystal defect field (3, 12) from 
which the ion whose weight is comparatively large was poured [ surface / of the semiconductor 
substrate material (1) ] in, and it was distributed over the prescribed depth range is formed, In the 
2nd ion implantation process performed after execution of this 1st ion implantation process, or 
before execution, Ion which is different from the 1st ion implantation process from the surface of 
said semiconductor substrate material (1) is poured in, and the element distribution la yer for 
exfoliation (4) for causing the exfoliation phenomenon of the above-mentioned semiconductor 
substrate material (1) all over said crystal defect field (3, 12) is formed. 

[0009]Subsequently, in a lamination process, after said base board (5) and said semiconductor 
substrate material (1) are stuck, heat treatment is performed in a peeling process. Exfoliation 
bordering on the element distribution layer (4) portion for exfoliation concerned arises with such 
heat treatment by the pressure buildup of the minute bubble produced in said element distribution 
layer (4) portion for exfoliation in the semiconductor substrate material (1). As a result, the 
semiconductor layer for element formation (7) can be formed filmy on a base board (5). 
[0010]A crystal defect field (3, 12) will be efficiently formed by pouring of the ion of comparatively 
large weight, and it becomes unnecessary to increase the dose by the 1st ion implantation process 
according to such a manufacturing method. When different ion from the 1st ion implantation process 
is poured in and the element distribution layer for exfoliation (4) is formed all over the above- 
mentioned crystal defect field (3, 12) in the 2nd ion implantation process, It is thought that a dose 
required to cause an exfoliation phenomenon to a semiconductor substrate material (1) decreases 
substantially compared with the case where only the element distribution layer for exfoliation is 
formed with the ion concerned. 

[0011]For this reason, the dose in each ion implantation process can be substantially reduced 
compared with the case where the element distribution layer for exfoliation is formed by one ion 
implantation, performing the 1st ion implantation process and 2nd ion implantation process. As a 
result, the throughput in the 1st and 2nd ion implantation processes improves, and the time which 
manufacture of a semiconductor substrate (8, 16) takes can be substantially shortened now. When 
the 2nd ion implantation process is made to be performed after performing the 1st ion implantation 
process, That is, when the element distribution layer for exfoliation (4) is formed afterwards all over 
a crystal defect field (3, 12), It turns out experimentally that dispersion (an observed value is the 
range of **3sigma) in the depth position of the element distribution layer for exfoliation (4) becomes 
small about 1/3 compared with the case where the element distribution layer for exfoliation is 
formed by one ion implantation. For this reason, if it is made to perform the 1st and 2nd ion 
implantation processes in this order, it will enable it to come to stabilize the depth position of the 
element distribution layer for exfoliation (4) for every lot of the semiconductor substrate material for 
an ion implantation (1), and to improve the thickness uniformity of a semiconductor layer (7). 



[0012]ln [ according to the manufacturing method of the semiconductor substrate indicated to Claim 
4 ] an ion implantation process. In [ the crystal defect field (3) from which the ion whose weight is 
comparatively large was poured / surface / of the semiconductor substrate material (1) / in, and it 
was distributed over the prescribed depth range is formed, and ] a next diffusion process, According 
to heat treatment of a temperature lower than the temperature which the exfoliation phenomenon 
of opposite Perilla frutescens (L) Britton var. crispa (Thunb.) Decne. produces in said semiconductor 
substrate material (1) being performed, the above-mentioned element is incorporated all over said 
crystal defect field (3), and the element distribution layer for exfoliation (17) in the state where it 
was located all over the crystal defect field (3) concerned becomes as [ form / element distribution 
layer]. 

[0013]Subsequently, in a lamination process, after said base board (5) and said semiconductor 
substrate material (1) are stuck, heat treatment is performed in a peeling process. Exfoliation 
bordering on the element distribution I ayer (17) portion for exfoliation concerned arises with such 
heat treatment by the pres sure buildup of the minute bubble produced in said element distribution 
layer (17) portion for exfoliation in the semiconductor substrate material (1). As a result, the 
semiconductor layer for element formation (7) can be formed filmy on a base board (5). 
[0014]A crystal defect field (3) will be efficiently formed by pouring of the ion of comparatively large 
weight, and it becomes unnecessary to increase the dose by an ion implantation process according to 
such a manufacturing method. The composition with which a diffusion process is performed after 
this ion implantation process, i.e., the composition by which the element distribution layer for 
exfoliation (17) is formed afterwards all over a crystal defect field (3), attains substrate exfoliation. 
[0015]According to the manufacturing method of the semiconductor substrate indicated to Claim 8, 
the crystal defect field (3) from which the ion whose weight is comparatively large was poured [ 
surface / of the semiconductor substrate material (1) ] in, and it was distributed over the prescribed 
depth range in the ion implantation process is formed, and. In stage film formation, a hydrogenation 
amorphous semiconductor film (18) is formed on a semiconductor substrate material (1). 
Corresponding [ and ] to heat treatment of a temperature lower than the temperature which the 
exfoliation phenomenon of opposite Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. 
produces in said semiconductor substrate material (1) being performed in a next diffusion process, 
The element distribution layer for exfoliation (17) in the state where the hydrogen diffused out of the 
above-mentioned hydrogenation amorphous semiconductor film (18) was incorporated all over said 
crystal defect field (3), and it was located all over the crystal defect field (3) concerned is formed. 
[0016]Subsequently, in a lamination process, after said base board (5) and said semiconductor 
substrate material (1) are stuck, heat treatment is performed in a peeling process. Exfoliation 
bordering on the element distribution layer (17) portion for exfoliation concerned arises with such 
heat treatment by the pres sure buildup of the minute bubble produced in said element distribution 
layer (17) portion for exfoliation in the semiconductor substrate material (1). As a result, the 
semiconductor layer for element formation (7) can be formed filmy on a base board (5). 
[0017]A crystal defect field (3) will be efficiently formed by pouring of the ion of comparatively large 
weight, and it becomes unnecessary to increase the dose by an ion implantation process also with 
such a manufacturing method. After stage film formation of the hydrogenation amorphous 
semiconductor film (18) used as a hydrogen supply source is performed, The composition to which 
the diffusion process incorporated into the above-mentioned crystal defect field (3) is carried out in 
the hydrogen, i.e., the composition by which the element distribution layer for exfoliation (17) is 
formed afterwards all over a crystal defect field (3), attains substrate exfoliation. 



[0018]According to the manufacturing method of the semiconductor substrate indicated to Claim 10, 
the crystal defect field (3) from which ion with comparatively large weight was poured in from the 
surface of a semiconductor substrate material (1), and it was distributed over the prescribed depth 
range in the ion implantation process is formed, and. In stage film formation, a hydrogenation 
amorphous semiconductor film (19) is formed on a base board (5). Then, in a lamination process, the 
field and said semiconductor substrate material (1) by the side of said hydrogenation amorphous 
semiconductor film (19) of said base board (5) are stuck. According to heat treatment of a 
temperature lower than the temperature which an exfoliation phenomenon produces with the 
semiconductor substrate material (1) of opposite Perilla frutescens (L.) Britton var. crispa (Thunb.) 
Decne. in said base board (5) and the one thing of a semiconductor substrate material (1) being 
performed in a diffusion process, The hydrogen diffused out of the above-mentioned hydrogenation 
amorphous semiconductor film (19) is incorporated all over said crystal defect field (3), and the 
element distribution layer for exfoliation (17) in the state where it was located all over the crystal 
defect field (3) concerned comes to be formed. 

[0019]Subsequently, in connection with heat treatment being performed in a peeling process, 
exfoliation bordering on the element distribution layer (17) portion for exfoliation concerned arises 
by the pressure buildup of the minute bubble produced in said element distribution layer (17) 
portion for exfoliation in the semiconductor substrate material (1). As a result, the semiconductor 
layer for element formation (7) can be formed filmy on a base board (5). 

[0020]A crystal defect field (3) will be efficiently formed by pouring of the ion of comparatively large 
weight, and it becomes unnecessary to increase the dose by an ion implantation process also with 
such a manufacturing method. The stage film formation which forms the hydrogenation amorphous 
semiconductor film (19) which serves as a hydrogen supply source at the base board (5) side, And 
after the lamination process of pasting together this base board (5) and semiconductor substrate 
material (1) is performed, The composition to which the diffusion process incorporated into said 
crystal defect field (3) is carried out in hydrogen in the hydrogenation amorphous semiconductor 

(19) , i.e., the composition by which the element distribution layer for exfoliation (17) is formed 
afterwards all over a crystal defect field (3), attains su bstrate exfoliation. 

[0021]ln [ according to the manufacturing method of the semiconductor substrate indicated to Claim 
12 ] an ion implantation process, According to the hydrogenation molecular ion which comprises the 
surface of a semiconductor substrate material (1) from the compound of hydrogen and the element 
for crystal defect formation whose weight is comparatively large being poured in, The element 
distribution layer for exfoliation (21) which comprises the hydrogen located the crystal defect field 

(20) which comprises the above-mentioned element for crystal defect formation distributed over the 
prescribed depth range, and all over this crystal defect field (20) is formed. And after a base board (5) 
and a semiconductor substrate material (1) are stuck in a lamination process, In connection with heat 
treatment being performed in a peeling process, exfoliation bordering on the element distribution 
layer (21) portion for exfoliation concerned arises by the pressure buildup of the minute bubble 
produced in said element distribution layer (21) portion for exfoliation in the semiconductor 
substrate material (1). As a result, the semiconductor layer for element formation (7) can be formed 
filmy on a base board (5). 

[0022]The crystal defect field [ according to such a manufacturing method ] (20) according by 1 time 
of an ion implantation process to the element wh ose weight is comparatively large, It becomes 
unnecessary to increase the dose of ion, as a result of forming simultaneously the element 
distribution layer for exfoliation (21) by the hydrogen located all over this crystal defect field (20) and 



forming the crystal defect field (20) and the element distribution layer for exfoliation (21) which 
comprise a different element in this way. For this reason, since the throughput in an ion implantation 
process comes to improve, and it divides into multiple times and it becomes unnecessary to perform 
an ion implantation, the time which manufacture of a semiconductor substrate (8) takes generally 
can be shortened substantially. 
[0023] 

[Mode for carrying out the invention](A 1st embodiment) The 1st working example that applied this 
invention to the manufacturing method of the SOI substrate is shown in drawing 1 and drawing 2 , 
and this is explained below. The basic process in the case of manufacturing a SOI substrate is shown 
to drawing 1 by the typical sectional view. Namely, in the 1st ion implantation process shown in 
drawing 1 (a). After forming the contamination protective film 2 which changes from silicon oxide by 
thermal oxidation etc. on the single crystal silicon substrate 1 (equivalent to the semiconductor 
substrate material as used in the field of this invention). To the single crystal silicon substrate 1, as a 
figure Nakaya seal shows, the crystal defect field 3 from which it was distributed over the prescribed 
depth range in the state of having been parallel to the surface of the single crystal silicon substrate 1 
is formed by pouring in a fluorine ion from the contamination protective film 2 side. 
[0024]ln this case, more than 1x10 "atoms / cm 2 set up the dose of a fluorine ion preferably 1x10 
"atoms / more than cm 2 . Ion implantation energy will be set up according to the depth which forms 
the crystal defect field 3. When making profitably like the distribution state which poured in the 
fluorine ion, for example, specifically formed the peak in a depth of about 450 nm of the single 
crystal silicon substrate 1, it is set as the infused energy before and behind about 200 KeV(s). 
[0025]The ion used by the 1st ion implantation process of the above is not restricted to fluoride, if 
ion weight other than hydrogen and helium is ionic species which can disconnect themselves out of 
single crystal silicon according to heat treatment comparatively greatly, and it should not just have 
an adverse effect on the single crystal silicon substrate 1. Therefore, rare gas like chlorine, silicon or 
neon, argon, and a xenon, etc. can be used, for example. What is necessary is to be formed by the 
depositing methods, such as the membrane formation or the CVD method by thermal oxidation, and 
PVD, so that it may become uniform thickness (preferably about 50-100 nm), but just to form the 
above-mentioned contamination protective film 2 if needed. 

[0026]Then, in the 2nd ion implantation process shown in drawing 1 (b). By [ which is the ion in 
which said 1st ion implantation processes differ from the surface of the single crystal silicon 
substrate 1 ] pouring in a hydrogen ion, for example, the element distribution layer 4 for exfoliation 
for causing the exfoliation phenomenon of the above-mentioned single crystal silicon substrate 1 is 
formed all over said crystal defect field 3. This element distribution layer 4 for exfoliation is formed 
so that it may be distributed in the state of having been parallel to the surface of the single crystal 
silicon substrate 1. 

[0027]ln this case, more than 5x10 15 atoms / cm 2 set up the dose of a hydrogen ion preferably 1x10 
16 atoms / more than cm 2 . As for ion implantation energy, it is desirable to set up so that the peak of 
the concentration of the element distribution layer 4 for exfoliation formed at this time may be in 
agreement with the pea k of the concentration of said crystal defect field 3. A hydrogen ion is poured 
in, and when making profitably like the distribution state which formed the peak in the same depth 
(a depth of about 450 nm of the single crystal silicon substrate 1) as the crystal defect field 3, 
specifically, it will be set as the infused energy of about 50 KeV. 

[0028]Here the dose of the fluorine ion in the 1st ion implantation process 1x10 15 atoms / cm 2 , The 
dose of about 200 KeV(s) and the hydrogen ion in the 2nd ion implantation process for the ion 



implantation energy 1x10 16 atoms/cm 2 , When the ion implantation energy is set to about 50 KeV(s), 
the profile of the concentration distribution of the fluoride in the single crystal silicon substrate 1 and 
hydrogen comes to be shown in drawing 2 . 

[0029]And when it is constituted so that the concentration peak of the crystal defect field 3 and the 
element distribution layer 4 for exfoliation may be mostly in agreement in this way. The dose which 
is needed for causing the phenomenon in which the single crystal silicon substrate 1 exfoliates in the 
element distribution layer 4 portion for exfoliation concerned, by heat treatment by the below- 
mentioned peeling process, It will be in state sufficient in the above examples (fluorine ion: 1x10 
"atoms / cm 2 , hydrogen ion:lxl0 "atoms / cm 2 ). In the 2nd ion implantation process, an atomic ion 
or molecular ion, such as rare gas like helium, can be used in addition to the atomic ion or molecular 
ion of hydrogen. 

[0030]After execution of the 2nd ion implantation process of the above, the lamination process 
shown in drawing 1 (c) and (d) is performed. In this lamination process, the chemical etching which 
used fluoric acid solution, for example, or mechanical polishing and dry etching all remove the 
contamination protective film 2 on the single crystal silicon substrate 1 first, and the field by the side 
of that ion implantation is exposed. Subsequently, for example, the base board 5 which comprises a 
single crystal silicon substrate is prepared, and the insulator layer 6 which changes from the silicon 
oxide of uniform thickness with thermal oxidation, a CVD method, etc. on this base board 5 is 
formed. This insulator layer 6 turns into an insulated separation film, when SOI structure is formed 
eventually, and that thickness is set as the value according to the design shape of the SOI substrate . 
[0031]Hydrophilization treatment is performed to the surface by the side of the ion implantation of 
the single crystal silicon substrate 1, and the surface by the side of the insulator layer 6 of the base 
board 5. After specifically performing washing and pure water washing by the mixed solution (H2 
S04 : H2 02 =4:1) of sulfuric acid and hydrogen peroxide solution which were kept warm by about 
90-120 **, for example one by one, the moisture content which sticks to the surface of each 
substrates 1 and 5 by spin drying is controlled. And the single crystal silicon 1 and the base board 5 
are stuck in respect of [ above-mentioned ] hydrophilization treatment, and are pasted together 
next. This pastes up each substrates 1 and 5 by the hydrogen bond of the water molecule which 
stuck to the silanol group and the surface which were formed in each surface. 
[0032]Although the contamination protective film 2 on the single crystal silicon substrate 1 was 
considered as the all removed composition in this working example, It is good also as composition 
which is pasted together by removing only the surface of the contamination protective film 2, and is 
used as a field, and when such a contamination protective film 2 can be used as an insulated 
separation film in SOI structure, it becomes unnecessary to form the insulator layer 6 in said base 
board 5 side. 

[0033]After execution of the above-mentioned lamination process, the peeling process shown in 
drawing 1 (e) is performed. In this peeling process, by heat-treating to the one thing of the single 
crystal silicon substrate 1 and the base board 5, The single crystal silicon substrate 1 will be exfoliated 
in said element distributio n layer 4 portion for exfoliation, and the SOI structure of the form by which 
the single-crystal-silicon thin film 7 (equivalent to the semiconductor layer as used in the field of this 
invention) was laminated via the insulator layer 6 will be formed on the base board 5 by this. 
[0034] When the element distribution I ayer 4 for exfoliation is specifically formed by pouring of a 
hydrogen ion like this example at this time, it is preferred to heat-treat at about 500-600 **. The 
pressure of the minute bubble produced by the hydrogen arranged by such heat treatment in the 
element distribution layer 4 for exfoliation formed all over the crystal defect field 3 will come to rise, 



and exfoliation bordering on the element distribution layer 4 portion for exfoliation concerned will 
arise according to this. 

[0035] After execution of this peeling process, a heat treatment process is performed succeedingly. 
Strengthen the bonding strength of said lamination side with this heat treatment process by 
performing hot (not less than 1000 **, preferably 1150 ** - about 1200 **) heat treatment from the 
heat treatment te mperature in a peeling process, and. The disconnection out of relaxation of 
element distribution layer 4 portion for exfoliation which caused exfoliation, and the crystal structure 
of the fluoride which constitutes the crystal defect field 3 is promoted. 

[0036]ln this case, in the surface of separation of the above single-crystal-silicon thin films 7, the 
defect layer formed in connection with the ion implantation will remain, and minute step difference 
will arise. For this reason, by performing chemical mechanical polishing to the above-mentioned 
surface of separation in this example, He is trying to complete SOI substrate 8 (equivalent to the 
semiconductor substrate as used in the field of this invention) as removed the above-mentioned 
defect layer and minute step difference, and performed the flattening process (refer to drawing 1 (f)) 
of raising surface roughness, with eventually shown in the drawing 1 (f). However, what is necessary 
is just to perform the above-mentioned flattening process if needed. 

[0037]The single crystal silicon substrate 1 in which single-crystal-silicon thin film 7 portion exfoliated 
through the peeling process, For example, it is reused for manufacture of other SOI substrates by 
performing the heat treatment process which disconnects fluoride out of the saved crystal defect 
field 3, and the flattening process for reproduction of carrying out the flattening of the surface of 
separation. 

[0038]Since the crystal defect field 3 is formed, it becomes unnecessary to increase the dose in the 
1st ion implantation process by pouring of the ion with comparatively large weight (this example 
fluorine ion) which can form a crystal defect efficiently according to the manufacturing method of 
above-mentioned SOI substrate 8. When different ion (this example hydrogen ion) from the 1st ion 
implantation process is poured in and the element distribution layer 4 for exfoliation is formed all 
over the above-mentioned crystal defect field 3 according to execution of the 2nd ion implantation 
process, It is known that a dose required to cause an exfoliation phenomenon in the single crystal 
silicon substrate 1 will decrease substantially compared with the case where only the element 
distribution layer 4 for exfoliation is formed by the hydrogen ion concerned. 
[0039]Forthis reason, the dose in each ion implantation process can be substantially reduced 
compared with the case where the element distribution layer for exfoliation is formed by one ion 
implantation, performing the 1st ion implantation process and 2nd ion implantation process. 
[0040]lt is as follows, when a concrete example is given and this is explained. Namely, when only the 
hydrogen ion was poured in and the element distribution layer for exfoliation is formed into a single 
crystal silicon substrate like before, In order to generate a positive exfoliation phenomenon in the 
above-mentioned element distribution layer portion for exfoliation according to heat treatment, it is 
desirable to set it, for example as the dose about 8x10 16 atoms / cm 2 . On the other hand, in the 
manufacturing method by this example, in order to generate a positive exfoliation phenomenon in 
element distribution layer 4 portion for exfoliation. As for the dose of the hydrogen ion for 1x10 
15 atoms / cm 2 grade, and the element distribution la yer 4 for exfoliation, it is experimentally clear the 
dose's of the fluorine ion for the crystal defect field 3 to end with 1x10 "atoms / cm 2 grade. 
[0041]The sum total of the ion-implantation time in the case of performing such the 1st ion 
implantation process and 2nd ion implantation process is about (actually) 0.45 hour. In addition, by 
the conventional manufacturing method, the injection time of a hydrogen ion is needed to ending 



with necessity about 5 to 10 minutes for about 3.2 hours for the change between each process, 
therefore, according to the manufacturing method of this example, compared with the conventional 
manufacturing method which performs only pouring of a hydrogen ion, the throughput which leads 
the 1st and 2nd ion implantation processes can be markedly alike, and can improve, and the time 
which manufacture of SOI substrate 8 takes can be substantially shortened now. 
[0042]When the 2nd ion implantation process is made to be performed like this example after 
performing the 1st ion implantation process, That is, when the element distribution layer 4 for 
exfoliation is formed afterwards all over the crystal defect field 3, becoming small about 1/3 
compared with the case where dispersion in the depth position of the element distribution layer 4 
for exfoliation (an observed value is the range of **3sigma) does not form the crystal defect field 3 is 
known experimentally. It is because this realized substrate exfoliation in the small amount of ion 
implantations, and it becomes possible to improve the thickness uniformity of the single-crystal- 
silicon thin film 7. In the 1st working example of the above, the 1st ion implantation process and 2nd 
ion implantation process may be performed by a reverse order. 

[0043](A 2nd embodiment) The 2nd working example of this invention is shown in drawing 3 and 
drawing 4. and only a portion which is below different from said 1st working example about this is 
explained. Drawing 3 and drawing 4 show the basic process in the case of manufacturing a SOI 
substrate like said drawing 1 with a typical sectional view. That is, this 2nd working example tends to 
indicate the manufacturing method for which it was suitable when embedded pattern structures (for 
example, backgate for an element like FET, etc.) were formed between the base board in a SOI 
substrate, and a single-crystal-silicon thin film. 

[0044]First, in the pattern structure formation process shown in drawing 3 (a), the silicon oxide 9a 
which turns into the insulator layer 9 (refer to drawing 4 (j)) eventually by thermal oxidation etc. is 
formed in the surface side of the single crystal silicon substrate 1. Then, after making polycrystalline 
silicon deposit with a CVD method etc., the polycrystalline silicon film 10 of prescribed shape is 
formed by patterning the deposited film by photolithography processing and an etching process. The 
silicon oxide 9b which turns into the insulator layer 9 eventually with a CVD method etc. is made to 
deposit, with the embedded pattern structure 11 is formed. 

[0045]Next, in the 1st ion implantation process shown in drawing 3 (b), to the single crystal silicon 
substrate 1, as a figure Nakaya seal shows, the crystal defect field 12 from which it was distributed 
over the prescribed depth range is formed by pouring in a fluorine ion from the embedded pattern 
structure 11 side. This crystal defect field 12 will be in the state where originated in existence of the 
embedded pattern structure 11, and it lenticulated. In this case, more than 1x10 14 atoms / cm 2 set up 
the dose of a fluorine ion preferably 1x10 15 atoms / more than cm 2 . Ion implantation energy will be 
set up according to the depth which forms the crystal defect field 12. 

[0046]ln next, as shown in drawing 3 (c) and (d), said 1st ion implantation process performs the 2nd 
ion implantation process for [ which is different ion ] pouring in a hydrogen ion, for example in 2 
steps to the single crystal silicon substrate 1. That is, in order to form the element distribution layer 4 
for exfoliation distributed all over said crystal defect field 12 in the state of having been parallel to 
the surface of the single crystal silicon substrate 1. In order that the necessity of controlling ion 
implantation energy in consideration of change of the ion-implantation depth by difference of the 
structure of an ion implantation region may come out, the 2nd ion implantation process is performed 
in 2 steps. 

[0047]By the 2nd ion implantation process, first, as shown in drawing 3 (c), specifically, The resist 
pattern 13 by photoresist is formed in the polycrystalline silicon film 10 in the embedded pattern 



structure 11 on the single crystal silicon substrate 1, and the corresponding portion, and the ion 
implantation region 4a is formed by pouring in the 1st hydrogen ion in this state. Subsequently, as 
shown in drawing 3 (d). after exfoliating the above-mentioned resist pattern 13, The resist pattern 14 
by photoresist is formed in the polycrystalline silicon film 10 in the embedded pattern structure 11, 
and a not corresponding portion, The ion implantation region 4b is formed in this state by 
performing pouring of the 2nd hydrogen ion, where that ion implantation energy is made larger than 
the 1st time. More than 5x10 15 atoms / cm 2 set up the dose of a hydrogen ion preferably 1x10 
16 atoms / more than cm 2 . The resist pattern 14 exfoliates after an ion implantation. 
[0048]ln this case, the 1st time and the 2nd ion implantation energy, It is set up so that the 
concentration peak of the ion implantation regions 4a and 4b may serve as the same depth, and the 
element distribution layer 4 for exfoliation distributed all over the crystal defect field 12 by this in the 
state of having been parallel to the surface of the single crystal silicon substrate 1 is formed. 
[0049]Although the crystal defect field 12 formed by pouring of a fluorine ion is in the state where it 
lenticulated, in this case, As shown in drawing 2 mentioned above, since the concentration 
distribution of the fluoride in the single crystal silicon substrate 1 is changing comparatively gently to 
change of the depth, big trouble does not occur it. That is, it is what can attain the desired end if 
more than 1x10 19 atoms / cm 3 have the concentration in the crystal defect field 12, Therefore, 
trouble is lost even if it forms the element distribution layer 4 for exfoliation in the state of having 
been parallel to the surface of the single crystal silicon substrate 1, all over the crystal defect field 12 
in the state where it lenticulated. 

[0050] It can also have composition which forms the crystal defect field from which it was distributed 
over the prescribed depth range in the state of having been parallel to the surface of the single 
crystal silicon substrate 1 by performing said 1st ion implantation process in 2 steps with the same 
technique as the 2nd ion implantation process that was mentioned above. 
[0051] Next, in the flattening film stage film formation shown in drawing 3 (e), the flattening 
treatment film 15 which uses a CVD method, PVD, etc. and changes from polycrystalline silicon, an 
amorphous silicon, or silicon oxide on the embedded pattern structure 11 is formed. Then, in the 
lamination side formation process shown in drawing 3 (f), by grinding the surface of the above- 
mentioned flattening treatment film 15, the surface step resulting from the embedded pattern 
structure 11 used as a ground is removed, with the flattening of that surface is carried out. 
[0052]ln next, the lamination process shown in drawing 4 (g) and (h) is performed. In this lamination 
process, the same hydrophilization treatment as said 1st working example is first performed to the 
surface of the flattening treatment film 15 in the single crystal silicon substrate 1, and the surface of 
the base board 5. And the single crystal silicon 1 and the base board 5 are stuck in respect of [ above- 
mentioned ] hydrophilization treatment, and are pasted together next. This pastes up each 
substrates 1 and 5 by the hydrogen bond of the water molecule which stuck to the silanol group and 
the surface which were formed in each surface. 

[0053]After execution of the above-mentioned lamination process, the peeling process shown in 
drawing 4 (i) is performed. In this peeling process, by performing the same heat treatment as the 1st 
working example to the one thing of the single crystal silicon substrate 1 and the base board 5, The 
single crystal silicon substrate 1 will be exfoliated in said element distribution layer 4 portion for 
exfoliation, and the SOI structure of the form by which the single-crystal-silicon thin film 7 was 
laminated via the embedded pattern structure 11 etc. will be formed on the base board 5 by this. 
[0054]After execution of this peeling process, strengthen the bonding strength of said lamination 
side by performing a heat treatment process (a processing condition is the same as the 1st working 



example) succeedingly, and. The disconnection out of relaxation of element distribution layer 4 
portion for exfoliation which caused exfoliation, and the crystal structure of the fluoride which 
constitutes the crystal defect field 12 is promoted. He is trying to complete SOI substrate 16 
(equivalent to the semiconductor substrate as used in the field of this invention) provided with the 
embedded pattern structure 11 as performed the flattening process (refer to drawing 4 (D) of 
performing chemical mechanical polishing to the above-mentioned surface of separation, with 
eventually shown in the drawing 4 (0. What is necessary is just to perform the above-mentioned 
flattening process if needed. 

[0055]Also by this example constituted in this way, the same effect as said 1st working example is 
done so. According to this example, the plane of composition between the single-crystal-silicon thin 
film 7 and the embedded pattern structure 11 in SOI substrate 16 especially, Since it will be 
equivalent to the interface of the single crystal silicon substrate 1 and the silicon oxide 9a formed in 
the surface of this of thermal oxidation etc., the characteristic as a SOI substrate comes to improve 
by the ability to change the interface into the state where it was stabilized. 
[0056]Although it had composition which forms the embedded pattern structure 11 in the single 
crystal silicon substrate 1 side in the pattern structure formation process in the 2nd working example 
of the above, Replace with this and the pattern structure formation process which forms embedded 
pattern structure by performing processing treatment to the surface side of the base board 5 is 
performed, It is good also as composition which establishes said embedded pattern structure 
between the base board 5 and the single-crystal-silicon thin film 7 by performing similarly flattening 
film stage film formation, a lamination side formation process, a lamination process, a peeling 
process, etc. next. It becomes unnecessary in this case, to perform the 2nd ion implantation process 
in 2 steps like the 2nd working example. 

[0057](A 3rd embodiment) The 3rd working example of this invention is shown in drawing 5, and 
only a portion which is below different from said 1st working example about this is explained. 
Drawing 5 shows the basic process in the case of manufacturing a SOI substrate like said drawing 1 
with a typical sectional view. 

[0058]Namely, in the ion implantation process shown in drawing 5 (a). After forming the 
contamination protective film 2 which changes from silicon oxide by thermal oxidation etc. on the 
single crystal silicon substrate 1 like the 1st ion implantation process in the 1st working example, To 
the single crystal silicon substrate 1, as a figure Nakaya seal shows, the crystal defect field 3 from 
which it was distributed over the prescribed depth range in the state of having been parallel to the 
surface of the single crystal silicon substrate 1 is formed by pouring in a fluorine ion from the 
contamination protective film 2 side. 

[0059]Then, in the diffusion process shown in drawing 5 (b), a temperature lower than the lower 
limit of the temperature (not less than about 500 **) which the exfoliation phenomenon of opposite 
Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. produces in the single crystal silicon 
substrate 1 in the atmosphere which is a pouring ion element (fluoride) in the above-mentioned ion 
implantation process and a different element, and which contains hydrogen gas, for example is heat- 
treated. What is necessary is just to form the above-mentioned hydrogen gas atmosphere by passing 
hydrogen as carrier gas in atmospheric pressure or the air chamber in the state (a vacua is also 
included) where it decompressed, for example. 

[0060]According to such heat treatment, hydrogen comes to be incorporated all over said crystal 
defect field 3 out of hydrogen gas atmosphere, and the element distribution layer 17 for exfoliation 
in the state where this was intensively located in the high concentration portion (crystal defects are 



many portions relatively) in the crystal defect field 3 concerned is formed. In this case, as for the 
hydrogen concentration of the element distribution layer 17 for exfoliation, it is desirable to set up 
more than 1x10 20 atoms/cm 3 . 

[006].]Heat treating time (time required of a diffusion process) required to form the above element 
distribution layers 17 for exfoliation can be drawn from the following expressions of relations. For 
example Namely, SJ.Pearton and J.W.Corbett, M. As indicated to "Hydrogen in Crystalline 
Semiconductors" written by Stavola, and Springer-Verlag publication (October, 1991), The average 
value of the diffusion length X (cm) when carrying out impurity diff usion by heat treatment to silicon 
is given by X=(D-t) 1/2 . However, D is a diffusion coefficient (cm 2 /sec) and t is heat-treating-time (sec). 
The diffusion coefficient D is given with a following formula. 
[0062]D=D0 and exp (-Ea /kT) 

However, DO is a D value when temperature is infinite, and, as for DO =4.2xl0" 5 (cm 2 /sec) and Ea, the 
Boltzmann coefficient (= 8.667xl0" 5 (eV/K)) and T of activation energy (=0.56 (eV)) and k are 
temperature (K). 

[0063]Heat treatment temperature in for example, 200 ** and the state where the thickness of the 
contamination protective film 2 is 100 nm. In the case where the heat treating time at the time of 
diffusing hydrogen in 400-nm Fukashi in the single crystal silicon substrate 1 is found, When it 
assumes roughly as the diffusion coefficient in the silicon oxide which constitutes the above- 
mentioned contamination protective film 2 being almost equivalent, according to the operation 
based on each above-mentioned expression of relations, it turns out that what is necessary is just to 
perform heat treatment of about 1.5 hours about. 

[0064]On the other hand after execution of the above diffusion processes, the lamination process 
shown in drawing 5 (c) and (d) is performed like the 1st working example, After pasting together the 
single crystal silicon substrate 1 and the base board 5, the peeling process shown in drawing 5 (e) is 
performed like the 1st working example, the single crystal silicon substrate 1 is exfoliated in element 
distribution layer 17 portion for exfoliation, and SOI structure is formed. A hot heat treatment 
process is performed like the 1st working example after execution of a peeling process, After aiming 
at promotion etc. of the disconnection out of the crystal structure of the fluoride which constitutes 
strengthening and the crystal defect field 3 of the bonding strength of the lamination side of both the 
boards 1 and 5, the flattening process shown in drawing 5 (f) is performed like the 1st working 
example, and SOI substrate 8 is made completed. 

[0065]Also with the manufacturing method by this 3rd working example, in an ion implantation 
process. By pouring of the fluorine ion with comparatively large weight which can form a crystal 
defect efficiently, since the crystal defect field 3 is formed, it becomes unnecessary to increase the 
dose and the time required of the ion implantation process concerned becomes short. The time 
required of the diffusion process performed next is also what can be managed in about about 1.5 
hours according to the conditions which were mentioned above, The throughput which leads an ion 
implantation process and a diffusion process improves compared with the conventional 
manufacturing method which performs only pouring of a hydrogen ion, and the time which 
manufacture of SOI substrate 8 takes can be shortened now. 

[0066]ln this 3rd working example, although it had composition which performs heat treatment by a 
diffusion process in hydrogen gas atmosphere, it is good also as composition performed in the 
atmosphere of the vacua which plasma-ized hydrogen. The element used by a diffusion process may 
use hydrides, such as rare gas, such as not only hydrogen but helium, NH4, CH4, H2 O. 
[0067](A4th embodiment) The 3rd working example of the above and the 4th working example of 



this invention which does the almost same effect so are shown in drawing 6, and only a portion 
which is below different from said 1st working example and the 3rd working example about this is 
explained. Drawing 6 shows the basic process in the case of manufacturing a SOI substrate like said 
drawing 1 with a typical sectional view. 

[0068]Namely, in the ion implantation process shown in drawing 6 (a). After forming the 
contamination protective film 2 which changes from silicon oxide by thermal oxidation etc. on the 
single crystal silicon substrate 1 like the 1st ion implantation process in the 1st working example, To 
the single crystal silicon substrate 1, as a figure Nakaya seal shows, the crystal defect field 3 from 
which it was distributed over the prescribed depth range in the state of having been parallel to the 
surface of the single crystal silicon substrate 1 is formed by pouring in a fluorine ion from the 
contamination protective film 2 side. 

[0069]Next, in the stage film formation shown in drawing 6 (b), the hydrogenated-amorphous-silicon 
film 18 (equivalent to the hydrogenation amorphous semiconductor film as used in the field of this 
invention) is formed on the single crystal silicon substrate 1 in the state or the state (the example 
after drawing 6 (b) shows the state where it left) where it removed which left the contamination 
protective film 2. Specifically the above-mentioned hydrogenated-amorphous-silicon film 18, By the 
high frequency plasma CVD method using the gas source (for example, Ar or H2 dilution gas of SiH4) 
of the silicon system, it deposits under the conditions of 350 ** and 0.5torr, and the hydrogen 
concentration is made into 5x10 21 atoms / cm 3 grade, for example. What is necessary is just to set 
the thickness of the hydrogenated-amorphous-silicon film 18 as not less than about 10 nm, when the 
hydrogen concentration is in the above states. 

[0070]Then, in the diffusion process shown in drawing 6 (c), a temperature lower than the lower limit 
of the temperature (not less than about 500 **) which the exfoliation phenomenon of opposite 
Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. produces in the single crystal silicon 
substrate 1 is heat-treated. According to such heat treatment, the hydrogen which carries out solid 
phase diffusion out of the hydrogenated-amorphous-silicon film 18 comes to be incorporated all over 
said crystal defect field 3, The element distri bution layer 17 for exfoliation in the state where this was 
intensively located in the high concentration portion (crystal defects are many portions relatively) in 
the crystal defect field 3 concerned is formed. In this case, as for the hydrogen concentration of the 
element distribution layer 17 for exfoliation, it is desirable to set up more than 1x10 20 atoms/cm 3 . It 
is thought that heat treating time (time required of a diffusion process) required to form the above 
element distribution layers 17 for exfoliation becomes almost equivalent to the heat treating time in 
the diffusion process in said 3rd working example. 

[0071]After execution of the above diffusion processes, after performing the removal process which 
removes the hydrogenated-amorphous-silicon film 18, for example using the etching reagent of 
TMAH or a FUTSU nitric acid system, the lamination process shown in drawing 6 (c) and (d) is 
performed like said 1st working example. In this lamination process, where removal of the 
contamination protective film 2, hydrophilization treatment of a lamination side, etc. are performed, 
the single crystal silicon substrate 1 and the base board 5 are pasted together. The peeling process 
shown in drawing 6 (e) is performed like the 1st working example, the single crystal silicon substrate 
1 is exfoliated in element distribution layer 17 portion for exfoliation, and SOI structure is formed 
next. A hot heat treatment process is performed like the 1st working example after execution of a 
peeling process, After aiming at promotion etc. of the disconnection out of the crystal structure of 
the fluoride which constitutes strengthening and the crystal defect field 3 of the bonding strength of 
the lamination side of both the boards 1 and 5, the flattening process shown in drawing 6 (f) is 



performed like the 1st working example, and SOI substrate 8 is made completed. 
[0072]What is necessary is just to perform the removal process for removing the hydrogenated- 
amorphous-silicon film 18 in this 4th working example, if needed, in having composition as which this 
is operated as an insulated separation film of SOI structure by leaving the contamination protective 
film 2. 

[0073](A 5th embodiment) The 5th working example of this invention which added change to the 4th 
working example of the above is shown in drawing 7, and only a portion which is below different 
from said 1st working example and the 4th working example about this is explained. Drawing 7 
shows the basic process in the case of manufacturing a SOI substrate like said drawing 1 with a 
typical sectional view. 

[0074]That is, in the ion implantation process shown in drawing 7 (a), the same processing as the 1st 
ion implantation process in the 1st working example is performed. Next, in the stage film formation 
shown in drawing 7 (b). the hydrogenated-amorphous-silicon film 19 (equivalent to the 
hydrogenation amorphous semiconductor film as used in the field of this invention) is formed like the 
4th working example on the base board 5. 

[0075]Then, the lamination process shown in drawing 7 (c) is performed. After first performing 
processing which carries out the flattening of the surface of the contamination protective film 2 (this 
serves as an insulated separation film at the time of forming SOI structure eventually) on the single 
crystal silicon substrate 1 in this lamination process, The same hydrophilization treatment as the case 
of the lamination process in the 1st working example is performed to the surface of the 
contamination protective film 2, and the surface by the side of the hydrogenated-amorphous-silicon 
film 19 of the base board 5. It pastes up by the hydrogen bond of the water molecule which adsorbed 
each substrates 1 and 5 on the silanol group and the surface which were formed in each surface by 
sticking the single crystal silicon 1 and the base board 5 in respect of [ above-mentioned ] 
hydrophilization treatment, and pasting them together next. 

[0076]Subsequently, in the diffusion process shown in drawing 7 (d), a temperature lower than the 
lower limit of the temperature (not less than about 500 **) which the exfoliation phenomenon of 
opposite Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. produces in the one thing of the 
single crystal silicon substrate 1 and the base board 5 is heat-treated. According to such heat 
treatment, the hydrogen which carries out solid phase diffusion out of the hydrogenated- 
amorphous-silicon film 19 comes to be incorporated all over said crystal defect field 3, The element 
distribution layer 17 for exfoliation in the state where this was intensively located in the high 
concentration portion (crystal defects are many portions relatively) in the crystal defect field 3 
concerned is formed. In this case, as for the hydrogen concentration of the element distribution layer 
17 for exfoliation, it is desirable to set up more than 1x10 20 atoms/cm 3 . It is thought that heat 
treating time (time required of a diffusion process) required to form the above element distribution 
layers 17 for exfoliation also becomes almost equivalent to the heat treating time in the diffusion 
process in said 3rd working example. 

[0077]After execution of the above diffusion processes, the peeling process shown in drawing 7 (e) is 
performed like the 1st working example, the single crystal silicon substrate 1 is exfoliated in element 
distribution layer 17 portion for exfoliation, and SOI structure is formed. A hot heat treatment 
process is performed like the 1st working example after execution of a peeling process, After aiming 
at promotion etc. of the disconnection out of the crystal structure of the fluoride which constitutes 
strengthening and the crystal defect field 3 of the bonding strength of the lamination side of both the 
boards 1 and 5, the flattening process shown in drawing 7 (f) is performed like the 1st working 



example, and SOI substrate 8' is made completed. 

[0078] Although the contamination protective film 2 by the side of the single crystal silicon substrate 
1 was considered as the composition used as an insulated separation film at the time of forming SOI 
structure eventually in this 5th working example, if it has composition which is alike by thermal 
oxidation etc. and forms an insulator layer on the hydrogenated-amorphous-silicon film 19 by the 
side of the base board 5, it will also become possible to be able to use this insulator layer now as an 
insulated separation film, and to remove the above-mentioned contamination protective film 2. 
[0079](A 6th embodiment) The 6th working example of this invention is shown in drawing 8, and only 
a portion which is below different from said 1st working example about this is explained. Drawing 8 
shows the basic process in the case of manufacturing a SOI substrate like said drawing 1 with a 
typical sectional view. 

[0080] Namely, in the ion implantation process shown in drawing 8 (a). After forming the 
contamination protective film 2 which changes from silicon oxide by thermal oxidation etc. on the 
single crystal silicon substrate 1, The ion which comprises the contamination protective film 2 side 
from the compounds (CH4, SiH4, Si2 H3, H2 O, etc.) of hydrogen and the elements for crystal defect 
formation (for example, carbon, silicon, oxygen, etc.) whose weight is comparatively large as a figure 
Nakaya seal shows is poured in to the single crystal silicon substrate 1. 

[0081]When carrying out the ion implantation of such a hydride, several kinds of choices are possible 
about the molecule formed from the element for crystal defect formation, and hydrogen. It is 
generated by hydride ion other than CH4 + , such as CH3 + , CH2 + , and CH + , when using CH4 and 
specifically being ionized within ion implantation equipment. Since these hydrides have all large ion 
weight compared with hydrogen, helium, etc., the crystal defect field 20 is easily formed in single 
crystal silicon, and, moreover, the element distribution layer 21 for exfoliation is formed by arranging 
hydrogen of molecular ion pouring in the defect region 20. 

[0082]ln this case, ion implantation energy will be set up according to the depth which forms the 
crystal defect field 20 and the element distribution layer 21 for exfoliation. More than 5x10 "atoms / 
cm 2 set up the dose of ion in the state where it converted into the hydrogen atom become more 
than 1x10 16 atoms / cm 2 preferably. 

[0083]ln next, the lamination process shown in drawing 8 (b) and (c) is performed like the 1st 
working example, After pasting together the single crystal silicon substrate 1 and the base board 5, 
the peeling process shown in drawing 8 (d) is performed like the 1st working example, the single 
crystal silicon substrate 1 is exfoliated in element distribution layer 21 portion for exfoliation, and SOI 
structure is formed. A hot heat treatment process is performed like the 1st working example after 
execution of a peeling process, After aiming at promotion etc. of the disconnection out of the crystal 
structure of the fluoride which constitutes strengthening and the crystal defect field 20 of the 
bonding strength of the lamination side of both the boards 1 and 5, the flattening process shown in 
drawing 8 (e) is performed like the 1st working example, and SOI substrate 8 is made completed. 
[0084]According to the manufacturing method of such SOI substrate 8, according to 1 time of an ion 
implantation process. The element distribution layer 21 for exfoliation by the hydrogen located all 
over the crystal defect field 20 by the element whose weight is comparatively large, and this crystal 
defect field 20 will be formed simultaneously, and it becomes unnecessary to increase the dose in 
that ion implantation process. As a result, the throughput in an ion implantation process improves, 
and divide into multiple times, it becomes unnecessary to perform an ion implantation, and the time 
which manufacture of SOI substrate 8 takes generally can be shortened substantially. 
[0085](Other embodiments) This invention is not limited to each above-mentioned working example, 



and following modification or extension are possible for it. The manufacturing method of embedded 
pattern structure which was described in the 2nd working example is also applicable to each 3rd 
thru/or 6th working example. Although it had composition using the single crystal silicon substrate 1 
as a semiconductor substrate material, If it is the semiconductor which made four group elements 
the subject, the substrate which could use substrates, such as germanium, SiC, SiGe, or a diamond, 
and formed single crystal membrane by epitaxial growth on the polycrystalline silicon board, and a 
single crystal or a porous silicon board, for example can also be used. Although it had composition 
which forms the hydrogenated-amorphous-silicon films 18 and 19, respectively as a hydrogenation 
amorphous semiconductor film in the 4th and 5th working examples, these may also be formed 
based on other semiconductor materials. 

[0086]As a material of the base board 5, not only a single crystal silicon substrate but a ceramic 
substrate, a glass substrate, etc. which have other semiconductor substrates or insulation can be 
used. If the base board itself has insulation, it will become unnecessary in this case, to form the 
insulator layer 6 in the base board 15. 

[Claim(s)] 

[Claim l]ln a manufacturing method of a semiconductor substrate (8, 16) which provides a 
semiconductor layer for element formation (7) in the state where it insulated with the base board (5) 
concerned electrically, on a base board (5), By pouring in ion whose weight is comparatively large 
from the surface of a semiconductor substrate material (1) for forming said semiconductor layer (7), 
The 1st ion implantation process that forms a crystal defect field (3, 12) from which it was distributed 
over a prescribed depth range, By pouring in ion which is different from the 1st ion implantation 
process from the surface of said semiconductor substrate material (1) after execution of this 1st ion 
implantation process, or before execution, The 2nd ion implantation process that forms an element 
distribution layer for exfoliation (4) in said crystal defect field (3, 12), A lamination process of pasting 
together said base board (5) and said semiconductor substrate material (1), A manufacturing method 
of a semiconductor substrate performing a peeling process which exfoliates said semiconductor 
substrate material (1) in said element distribution layer (4) portion for exfoliation, and forms said 
semiconductor layer (7) by heat-treating. 

[Claim 2]A manufacturing method of the semicond uctor substrate according to claim 1, wherein ion 
weight other than hydrogen and helium uses comparatively greatly ionic species which can 
disconnect themselves out of a semiconductor substrate material (1) in said 1st ion implantation 
process according to heat treatment. 

[Claim 3]A manufacturing method of the semicond uctor substrate according to claim 1 or 2 
characterized by using an atomic ion or molecular ion, such as hydrogen and rare gas, in said 2nd ion 
implantation process. 

[Claim 4]ln a manufacturing method of a semiconductor substrate (8) which provides a 
semiconductor layer for element formation (7) in the state where it insulated with the base board (5) 
concerned electrically, on a base board (5), By pouring in ion whose weight is comparatively large 
from the surface of a semiconductor substrate material (1) for forming said semiconductor layer (7), 
It is under [ ion implantation process / which forms a crystal defect field (3) from which it was 
distributed over a prescribed depth range /, and atmosphere / which contains a pouring ion element 
in the ion implantation process concerned, and a different element after execution of this ion 
implantation process ] setting, By heat-treating a temperature lower than temperature which an 
exfoliation phenomenon of opposite Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. 



produces in said semiconductor substrate material (1), A diffusion process which incorporates the 
above-mentioned element all over said crystal defect field (3), and forms an element distribution 
layer for exfoliation (17) all over the crystal defect field (3) concerned, A lamination process of 
pasting together said base board (5) and said semiconductor substrate material (1), A manufacturing 
method of a semiconductor substrate performing a peeling process which exfoliates said 
semiconductor substrate material (1) in said element distribution layer (17) portion for exfoliation, 
and forms said semiconductor layer (7) by heat-treating. 

[Claim 5]A manufacturing method of the semiconductor substrate according to claim 4 carrying out 
into a gas atmosphere which contains an element for causing an exfoliation phenomenon of the 
semiconductor substrate material (1) concerned for heat treatment to said semiconductor substrate 
material (1), or a compound of the element in said diffusion process. 

[Claim 6]A manufacturing method of the semiconductor substrate according to claim 4 performing 
an element for causing an exfoliation phenomenon of the semiconductor substrate material (1) 
concerned for heat treatment to said semiconductor substrate material (1), or a compound of the 
element in plasma-ized atmosphere in said diffusion process. 

[Claim 7]A manufacturing method of the semiconductor substrate according to any one of claims 4 to 
6 characterized by using hydrogen, a rare gas element, or a hydride in said diffusion process. 
[Claim 8]ln a manufacturing method of a semiconductor substrate (8) which provides a 
semiconductor layer for element formation (7) in the state where it insulated with the base board (5) 
concerned electrically, on a base board (5), By pouring in ion whose weight is comparatively large 
from the surface of a semiconductor substrate material (1) for forming said semiconductor layer (7), 
An ion implantation process which forms a crystal defect field (3) from which it was distributed over 
a prescribed depth range, Stage film formation which forms a hydrogenation amorphous 
semiconductor film (18) on said semiconductor substrate material (1), By heat-treating a 
temperature lower than temperature which an exfoliation phenomenon produces with the 
semiconductor substrate material (1) concerned to said semiconductor substrate material (1) which 
passed through this stage film formation, A diffusion process which incorporates hydrogen diffused 
out of said hydrogenation amorphous semiconductor film (18) all over said crystal defect field (3), 
and forms an element distribution layer for exfoliation (17) all over the crystal defect field (3) 
concerned, A lamination process of pasting together said base board (5) and said semiconductor 
substrate material (1), A manufacturing method of a semiconductor substrate performing a peeling 
process which exfoliates said semiconductor substrate material (1) in said element distribution layer 
(17) portion for exfoliation, and forms said semiconductor layer (7) by heat-treating. 
[Claim 9]A manufacturing method of the semiconductor substrate according to claim 8 performing a 
removal process which removes said hydrogenation amorphous semiconductor film (18) before 
execution of said lamination process. 

[Claim 10]ln a manufacturing method of a semiconductor substrate (8') which provides a 
semiconductor layer for element formation (7) in the state where it insulated with the base board (5) 
concerned electrically, on a base board (5), By pouring in ion whose weight is comparatively large 
from the surface of a semiconductor substrate material (1) for forming said semiconductor layer (7), 
An ion implantation process which forms a crystal defect field (3) from which it was distributed over 
a prescribed depth range, Stage film formation which forms a hydrogenation amorphous 
semiconductor film (19) on said base board (5), A lamination process of pasting together a field and 
said semiconductor substrate material (1) by the side of a hydrogenation amorphous semiconductor 
film (19) of said base board (5), By heat-treating a temperature lower than temperature which an 



exfoliation phenomenon produces with the semiconductor substrate material (1) concerned to said 
base board (5) and an one thing of a semiconductor substrate material (1) which passed through this 
lamination process, A diffusion process which incorporates hydrogen diffused out of said 
hydrogenation amorphous semiconductor film (19) all over said crystal defect field (3), and forms an 
element distribution layer for exfoliation (17) all over the crystal defect field (3) concerned, A 
manufacturing method of a semiconductor substrate performing a peeling process which exfoliates 
said semiconductor substrate material (1) in said element distribution layer (17) portion for 
exfoliation, and forms said semiconductor layer (7) by heat-treating. 

[Claim 11]A manufacturing method of the semiconductor substrate according to any one of claims 4 
to 10 using ionic species whose ion weight other than hydrogen and helium is comparatively large in 
said ion implantation process. 

[Claim 12]ln a manufacturing method of a semiconductor substrate (8) which provides a 
semiconductor layer for element formation (7) in the state where it insulated with the base board (5) 
concerned electrically, on a base board (5), By pouring in hydride molecular ion which comprises the 
surface of a semiconductor substrate material (1) for forming said semiconductor layer (7) from a 
compound of hydrogen and an element for crystal defect formation whose weight is comparatively 
large. An ion implantation process which forms an element distribution layer for exfoliation (21) 
which comprises hydrogen located a crystal defect field (20) which comprises the above-mentioned 
element for crystal defect formation distributed over a prescribed depth range, and all over this 
crystal defect field (20), A lamination process of pasting together said base board (5) and said 
semiconductor substrate material (1), A manufacturing method of a semiconductor substrate 
performing a peeling process which exfoliates said semiconductor substrate material (1) in said 
element distribution layer (21) portion for exfoliation, and forms said semiconductor layer (7) by 
heat-treating. 

[Claim 13]By performing a pattern structure formation process which forms embedded pattern 
structure (11) by performing processing treatment to the surface side of said semiconductor 
substrate material (1) before execution of said lamination process, and performing said peeling 
process next, A manufacturing method of the semiconductor substrate according to any one of 
claims 1 to 12 establishing said embedded pattern structure (11) between said base board (5) and a 
semiconductor layer (7). 

[Claim 14]By performing a pattern structure formation process which forms embedded pattern 
structure (11) by performing processing treatment to the surface side of said base board (5) before 
execution of said lamination process, and performing said peeling process next, A manufacturing 
method of the semiconductor substrate according to any one of claims 1 to 12 establishing said 
embedded pattern structure (11) between said base board (5) and a semiconductor layer (7). 
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atoms /cm2 , -?-c7M %>&\X.%-)V*?-*%}5 0 K e 
VkLfc*^ miS H a a>'U3ySfil4'tfc(t47-y^ 
7jc#OS,£#ffi<7)7 , n 7r-( ;Miia 2 t^-f «t -5 

[ 0 0 2 9 ] LT . ^Oia W5 H B B XPigfflJi 3&V1IJ 

T . Stmts' U 3 >mm 1 ^mMiffifflytSS^l 4 35 

111 ±IE<7)J; 0 KM ( 7 >y*>f :*y : 1 X 1 0 1 5 at 
oms /cm2 s 7fy : 1 X 1 0 1 6 atoms /cm2 ) 



<7) J: o KVWft'i *>%l< fcttHM ^> £ 

[0030] ±ib»2 w-f ^yaAiswutfacti. 

01(c). ( d ) fc^ftSO^fctflgSgfrtS. 

±*#HfeftKK 2 S\ W *. If 7 -y £ ffl V Vzit¥ 

x -y f - y ^(iHagfa^ F7^fx 7 f y /fc J; ^ 

=Srif t«t 0 U 3 ymj&i. 0 )S4I6^M 

6*m-ti. zcommme^ t»csois 

MJf {± S O I McO^ltff^tJsE ttfitlft£S-h.4 . 
[003 1 ] $4,t^ #fe B B yij3ylSi^ jj-y?± 

Afflw^a . ifer/t^-xaeR 5 <nmm 6 u^fflt 

fflyWtMJiSrSfrt. milf9 0-1 2 0'C 

8«t«iaSfL3tBSKkaiMblc**kWfi^«JS ( H 
2 S04 : H2 02 =4 : 1 ) tlJcS^&WK*^ 

^Btifi#-t47k^fiS:SiJ8P-t4. ^LT. i«ttC. 
m&is 'J 3 y 1 aiA'^-xM? 5 *±SSR*ftSPIiiI 

u , o^stffM s *ut y 5 j - ;uaar^afflc« 
[0032]^, ionsfewiTii. m^ B B H y u ny« 

itwtLxmm-rmfctLxh&K. ttz. 

^^HJK2 £ S O I flBitfcftSiftlWJ-dtlRfc IX 

mmx'Z 4«^tti. frE^-^aHssMitffisiRe * 

[0033] ±iei£ 0 ^*>*X^g<OSIfi«t{iH 1 

(e) iz*i-§mim*fto. ^mmxmxu. m 
H B B y u 3 ya&R 1 si>x-xss 5 ^-ttwcft lt^ 
«H*arti fcici-^Ts m$>isv 3 y« 1 ^fluie 
mmmTm^m 4 a^TiHJMM- 4 1> <nxh 0 . i n t 

[0034] zcnt # . a^wtJi. *nmmco£ a ^ 

iiJffiffl7cS^Jl4 *iyj<*-f *yoaXfc J: DfM^ii 
fcfc*)T*-»fc*^CJi. 5 0 0-6 0 0°C^ST» 

*S B H B XPigfIii3 4it^j£S-hJiiO«ffl7as^*4 l^ltc 

<t -5 fci 0 , iflteJE tT aaiJMffl7u3l^fl5Jl4 3* 
S«#k LJtfJK^-f Sikt^S. 
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[0035] znmsjmnmmwi.* ^m^xm 
mmxm*mntz>, mmmmxmxn. amm? 
nmffimi 9ss'( i o o o*cisll. m i< u i 

1 5 0°C~l 2 0 0°Cgft) tfMSWItiWifctJ: 
[0036] £<0*£. ±IS<0 J: 3 *#*Sfi i/ U 3 y» 

micommmai. a tyaxizm^m^tirzxmm 
mtzt iz£<o. ±.immmfWhfmm^ ix 

iSS«£|pI±3-lt*fc^3¥fflfbIg (01 (f)# 
fig) ££ffU WTft»«t=R@l ( f ) fc^rtJ: 3& 

S*4J:3tLT^4. flU ififiMlMfi: 

[00 37]^. f«xs^^T#^ a H B vu nymmi 
t,zmimtiii>coxfc&. 

[ 0 0 3 8 ] ±IS Lfe S O 1 36K8<OWB*16t iii 
A < h £ b * 5 'T"£ t ttKHtta** v W Tt-y 

B***-^*. 4fc. «2?M:*yaAXgo3gfffcJG 
tT, ±IK£ H H B ^^3 4>t^i^^7t-yaAxgt 

-sizx mmm^m^mA^^muz^z^cK. 

X , IMBfiS' U n « 1 t*JWS**§| ^jgi-tofc 
tt-Wj: H -XftA s AtI tig^t 6 -T t # s #3 ^iiT V > £ . 
[00 39] .TOJttf), mi^-f^y?±AXSS.V'm2 

AXgiT'O F-X££ . 1 HI CM ^viAti DfJiiffl 

[ o o 4 o ] t mfxmwtz 

t. J3lT*>J:3fc£4. BP*>. «3|W)J:3t. ^tefly 
ffiif Lfc^ f$M£J£ tTXIEMSifflTC*^ 
fi'8 X 1 0 i 6 atoms /cm2 ggtfD K-XSKIgS^"* 

itvm&u\ ztuzftix. ^mmmizxmm 
miz&^x. wmm&mn 4 mxmmmmm^ 



•Y ^CDF-Xgli 1X10' 5 atoms /cm2 flj 
ffiffl^#^l4«£#>C)7j<fH ^-yco K-x'SJi 1 x 

1016 atoms / cm 2 ws.xmtsz btimmmzm^ 

[004 1] £tf>«J: 3 &Jjg 1 CM *:/£AXg&tf$2 
CM tfy&AXgfcfi^i^CM ^yiiAB#P B 1^ft{i 

0. 4 5B#P H lfIJg (gBSfctt, i<0ffit#Xg|SI<0WSI 

o£tf>£ 5-10 fti&j&m ) x-mxswzft ix. ^* 
<as!ji#8c?i±. 7k*>f*y(!oaA^ia**3. 2B#p H ifi 

Sot. *H5^iJ^»3t^ffitlii«\ 
miS.i> : 'S2^-f^-y?±AXS^jltT^x;p-r'y f 

T«atm±^4 t<0T* 0 ^ SOI 3£|R8<0«BttB 

[0042] ^nsfi^joi 3 1. m 1 <o>f ^-yft 

AXS2: -5 fcttt* 2 >f * y ?±AXg^ ft 5 J: 3 fc 

y&&zmwM3wzm^mmm : Km 

^14 *JB(£t4 «t 3 iz UfcJi^tU. -eoiJgifflTt 
*^«4 OS SftBOfcf f>o# (SWIii± 3 <70«E 
ffl) A^ a B a £P6«i$3 *JgJSU*V^tJt^T 1/3 
SKt/J^S < & & £ t fc» ^iiT ^4 . iittt 

^-yiiAftT'-MiiJSI&^ilL/ir.t l> fc 

Wf*>aAl«&U f »2<0-f*yaAXS{4. fflJIT' 

[0043] (w,2<r>mn<mm) mimm^ ca* 

%BjoH2HJIW^§iiTfcO . OTiiUcovvrH 
IBS 1 HSfe(^J t 6 v 6 . H . 

H3S.VH4i±. l5IEHltl3ltttSOia«*iB&t 

1. ^OS^XS^^W=S:»Tffl0ti DiU^W 

-x«s.v«s B H B y u n y» aaiaic:. «Bi/^- v« 

it (Witf FETOi 3^«-?Ofey>OA'-y^y-b^r 
f) *Jgj«t**^caLfc»Jt*i£tHI*L»I: 3 ft 

ihcoxhi. 

[0044] t-f. 03 (a) iz^t^t-ymmm®. 
tmxu. mgh~>V3ymi.icommiz. mmit% 
tizx^xmmmzmmm9 (04 ( j > #fi§) 

7 1 h i) y ^7 7 -r ^m&yx vi-yyimizj: 

——yyth^fzi. 0. Wsgmp>&&h V ? y m 

lozmfcti. stt, cvD&srfti-j-cfbRW 
t^ffi9t=5r4yU3yig«9b^itt«$^. 

sa/ v - yiiit 1 1 zmfctz . 
[0045] «fc, 03(b) iztFtmioMxy&A 

TMXU. m H 9 yU3yISltSU 0+^EnT'* 

•t <t 3 tsa/^^-ytiji 1 1 7 -y*>f * 
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xmmmi2^mti. ft, zcv&ghxmmmi 2 

it. SS^-yflBii lWfiPfcfcjBHl/CWTofctt 

10 14 atoms /cm2 JjLL # * L< it 1 X 1 0 i 5 a t 
oms /cra2 JiLhtlS^-r h . * , A* y&Ax*;L-df 

[0046] CKT^tti. 03(c)", ( d ) iZw<t i 
o fc , JIMS* U n y®g l ttt LMiam lcfi>A*y& 

xtm k am* hA^yxhimi i&mA * y * &x 
i.-ot*). mam^xmmm 1 2 ^tiM^ u^y 

1 a$ffik¥ft Uzmftfttt LfciHIKfflTC*^ 
JB4Sr»SW-4fc*fcJi, ^>&Aii«<<0«^<0fflit 

[0047] £2<?H * y&AiSTIi, 

03 (c) t^tiat. **sa^'jn>3i«i 
±coaa^^-y«jg 1 1 tfett* ^*sa^ >j 3 >js 1 

0 k ttfc UrfMJ-fc 7tM/yXM:J:^l/y^h^ 
-X13fc#jSU ;^MT"l[II@^7j<*^^>«-a 
ASrff a £ t t J: 0 4 *vaEA««4 a SWjSt* . « 
wc\ 03 (d) BS-J-JSfc, JJEU^W^-y 

1 3fc*J«Lfc»Cs JI&^-yflBil liztitt&$> 

1 0g J: 9 A# < L,fc«mrtr-3 Z klz£*)A *y&X 
««4b ft, *S^y«F-xiii, 5 

X 1 0 1 5 atoms /cm 2 #F£ t< 14 1 X 1 0 i 6 

atoms /cm2 tltfcfft^t*, . l/yXh;>7-y 
14(4, 4*y&X&£M\mZtl&. 
[0048]:^, l®mX/2®UCDAj->&A 
x*;l^H4, 4 *y&AiI$4 4 b^igffit"- 
?#H-«S3 i$:4 J: -3 fcSSSii* tOT* 0 , £ 
titj: 0, i£ B B H XfW$ 1 2 ti:*g B B B y'Jn ymm 1 

^^ffl t: Tff LtzwusfttiiB uzmmmjtm^M 4 # 
[0049] ttz. zcoifr&izmft , 7"/mA$y<fi 

SAtJ; OJgJS^ixfcteftXPaiSWl 2!4-WT-^WS 
fc&oT^Stf, ftfi£L£02tyr;-f i 3t, JjM£ B B B y 
D n yli 1 ^tfcttS 7 -y *«iga^^(i, 

sw#aj*.r tas^. 0, &&xvmmi 214, 

^IJg/t) 5 1X101 9 atoms /cm3 Bl±*)ix(f FytW^ 
*£ B B B M« 1 2 * tm»Sft y'J3 y £ fi l co^ffl fc ¥ 

<$r*t>*>T*4. 



[00 50] ft, tuieSll^M^yliAlS^, ±$L 

fc j: 3 ar» 2 *m * y &Aim k mmn^mz X 0 2 HI 
tzftiixmrti zkizi*), mfcm&miz^&y 
i> 3 ymm 1 w^fflt w Ltimft#iBUd&&m 
mmmmm&k-th zkhx-zi. 

1 0 0 5 1 ] «t. 03 ( e ) t7St-™tMJtKlg 

Tit. a&^-yflKti i±t. cvDis^pvDffi 

^t'^fflv->T^ B B B ^ "J n y, 7W7rXy'J n ygg 

t*. 03 ( f) t^-riio^-itffijgirLg 

0, T«i:=Sr4aa/^-yfll3Sl 1 tjBH-tfiSffia 

[00 52] i^attt. 04 ( g ) , ( h ) CSttt 

"f, m^ftv'J^y^ltfctt^^iH-fMSMl 5W 
Ml^-xitswffll:, SinaffiimtWi: 

>J 3 y l avc-^HR 5 Sr±IEffl7jcfbS!fflffi-caf«S 

4HFO**fS^- 1 i o X tm $ til. . 
[0053] JJEIS 0 ^*>-frl8W*^ftttUBl4 

( i ) tzfr-mmMifto . zmmjMx-it, 

f ^ y»R 1 SVX-xS^ 5 O-fltftCtt LT , 
^ 1 Hife^iJ fc |SH«ofi^ii&Mf£ fctioT. JUttA 
y 'J n y^^ l £• MBilMfflTcS^^.l 4 ^^XflM-t 

§tcoT'*o, -rntio, ^-xaeR5±taj^"?^ 
-y«36i i^f^^LTmfe B B B ^';3yii^7*^ 

$tl7t^SO S O I mWfiWfcZtih Z k t&s . 

[0054] zcommxmcomwmt, ^m^xm 
mim im&mmi&mkttt) zmntiz 

t, Lfe*J«ffl7c*^*4SIW<oiB 

ft™««»f«Sr«rri:V^ 3 Fa'ftES (04 ( j ) # 
HS) ^HftL, iilT«^t^I04 ( j ) fcijc*-J;3* 
ffli^^-yflBii l ili^so iXRi 6 (*^bj 

h. ft, ±IE 3 Fia'ftXSJi«ifBt]EfCff^tf^^t><0 

[00 5 5] zcoxoizmfcittmrnmizx-oxii, 
m^immiknm^^mtihcox'hi. m 

t. *SW«ltJ:<itf, S0l»Ri6ti3»tfi*BA 
iy'J 3>»M7 kaaw-yflBtl 1 kcofScom^ffi 
ti\ m^ a B a y'Jn yg^ l k ift^ffifcSSKf&Sr k" t 

4£fct=flr6*»t. ZcoRffi&gMUzVmkt&Zk 
tfX'ZXS o I affik LT^#tt* s ^l±t-|» i o t^r 
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fi. 

[ 0 0 5 6 J jSL JJEW2#atttCli, i^~vmm 

^istfc^-c . y n >»> i flitsa/'c^- 

IS , IS 9 IS . MiltIS& £ * p|« fcfr 3 - 1 
fc J: 9 5 &r/**Ni ^ 'J rj >*1§| 7 PbI tfi 

SS2^*|<3J:3£S2W>f:*>i£AIgS:2 
HI tt T fr o *BA**r < & & . 

[0057] (»3 commtomm ) m 5 ku^^ss 
3 9GttffUf^ 3 ftt « 0 , aT z tiiz-o \ ixmim 1 m 

tuian 1 1 mniz s o 1 mmmmti^^m^iM 

[ 0 0 5 8 ] bp*>, n 5 ( a ) t^t-f Jt-v&Ais-c 
.1. $ 1 latwttiftias 1 <w *>&xr.mt mm 

t, #*SJlr>>J 3 >M. 1 ±C, JRKfcSr^fc «t 

y 3 ^khuij: 0 fiU^«»§i 2 mm l Jt±t\ * 

'flJMSfii' 'J 3 >a« 1 (c« U H+*WTS*t J: 3 fc 
ffi»«Hffll2ffll*>fe«iitf 7 * #4" *yi&xt& z t 

izx 9 , TtimzmAtzxmAi' y 3 ^m* 1 o^at 

¥ff Ufc««-C^U^ISA^PB««3 £»fi£tfi . 
[00 59] 15(b) fc^jaapjB-CJi. 

Iia^^^aAlST-^A-f^>7t;« (7-yfH) fcH 
& 1. 7C*C* 5 01 £ ^-ttr»Hm+ 1 ^ 

T - 'J 3 >M 1 fcjf tfi 

ffi« < 5 0 0°CS«W±) WTRMSJ: 9fl£^ffl£<03ft«i 
Kit. ±K**#*»H*Ui, GUtf. ASIE 

[0060];^J:o ^SMffltJB t T - **#*£H 

t mia^ H a B ^Fiiffl^ 3 + 0 a* *i* i 

•5 tc=5r 0 . lilt J: 9 SI^^MfifM 3 +wiS«HEi5 
S"J!iffl7E*^Jl 1 7607kSiiSi±, 1 X 1 0 2 o atom 

s/c m 3 ^mz^thzbtmt 

[ 0 0 6 1 J ffi, IfBOJ: d 5rlHJ«iffl7C*^Jl 1 7 * 

aT<vmimfrt>mziiitz ttfvz up*>. 01 

m'S.J.Pearton . J.W.Corbett s M.Stavola M<7) "Hy 
drogen in Crystalline Semiconductors" ,Springer-Ve 
rlagitfSfJ (199 1^10^) fcB«3iro>4 J: d 
IZ N y tc^ Uf^It i 0 ^ftifliW- & t & <0 
Mflfc^X (cm) C7)¥%ffli±. 
X= ( D • t ) 1 / 2 



fit. DliJ£ftflt» (cm2/sec ) N f 

[006 2] D = D0 -ex P (-Ea/kT) 
flL. DO ti-iaS*%PSAOt#WDWflT\ DO = 
4. 2X10-5 (cm2 /sec ) . Ea (ivSMx^ 
¥-( = 0. 56(eV)),k iWyvyflK ( = 
8. 6 6 7X 1 0- 5 (eV/K) ) . TO^S (K) 

t'ibfio 

[0063] mm. ?mm&&tf2 0 o°c. ^ 

«20]RJP*« 1 0 0 n mO«ST\ m^ H B B ^ 'J 3 yffifc 
1 4>tC4 0 0nm<7MZtT*f&&mtZ&&l&<V!m 

mmm^nbt^za^x . ±ib^sh^2 ^« 
t i tin. an x * i . 5 n*pasaw»a ^ttitii'^ 

[0064]-*. ±EO «t o *Jfe»IgOHffftt 

ts, ii 5 ( c ) . ( d ) t^tis o ^b*iat» i * 
»jt isHKtuff lt , mis B B B ^> y ^ « 1 t^-x 

«5^liD^M/>:», 15(e) t^tUKl 

mmimm\t\s\Mizmnix . m^va>m 
i &*j«ffl7ait»*Ji 1 7m?§m l, soi ffijt^ 

s^ig i h»j t iia^nff lt . ms^ i zwx 5 was 

fi 7 -y SO ^ B B B ^^ + cOitMOfJgJt * if £ H -> fcft 
C. 05 ( f ) t^tTfflftlStJBlSWffilfclBWC 
^TfLT. SOI36R8*^(R§-li-fi I ItK«rfi. 
[00 6 5] ■I«0»35e*fi^JtJ:fi«ji*ffitJ:^T 
fc, ^^yi±A!ST-(i. ^ B H B XPI^»^<ffMt-.|» 
i t fi Jt^e^ffift^A ^i7 7i^ yo?±At 
i0> IS B a B MlM«3$rffMLT^I>^t, f^F-X 

m%fffit>m<Kc&» ttz. zcomzfthtihi&wtxnco 

ftmffl h.mmifzXo Kc&Pf £ i 1 . 5 1$ las 

im%ixmtsi>cDX'h 0 . ^^yaAisat^jtifcis 

9 «E*<0SBi*i6 tifc^T I6]±t fi OT'ft 0. SOI 
2«8«98Sfcg-*-6ii*H£8ltT& fi J: 0 t*fi. 

[0066] ;<oss3ieMSMttj^T. amis-c 

•f. ^y>A^fc7)#^^ % NH4 . CH4 , H2 O 

[oo67] (m4commcomn) meut. ±ifiH3 

HS5fi0iJfc . Jff |b|«<^»** »tfi **^OS5 4 ^Jfif^J* 1 ' 
WTc:iato^Tffliamijl»JS.U ; '^ 
3HWIhM^figl5^ic-9^Tc7)^HJ-tl,„ jSi % H6 
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14. MiEHl fcH*KSO l£«H8fr$-4»£*>** 
[ 0 0 6 8 ] fiP*>. H6 ( a ) Iz^tJ tfy&AIgt* 

comghi-- U n y*E 1 t#tU H+^EPT^-t J: o C 

t i 0 . J9r£SB§«Hfc*l6 H l:>' U 3 l nmffit 
ffrL«M LfctefiK»<I« 3 *3Bj«-t4 . 
[ 0 0 6 9 ] &fc % 06 ( b ) fcStttfJElSVIi, V§ 
IfeftfUg 2 £B Lfc«!Rg L < (iGfcfe Lt«I ( 0 6 

(b) mnmimitzmzfirt) tawr. mss 

y'j3 yl« l 71^7^7 rXi/Viym 

rJ>-JIl 8(i. y'j3y|<0#XV-X (fflttfS i H 
4 c7)Ar2Jtl2H2 #IR#X ) ^m^tz^&Tv X~? 
CVDmzX r>xmZ.\l 3 5 Or. 0. 5torrc7)^frT 
Tif«£il4^T\ *<?3**Sft«li. flttlf 5x l 0 
2 1 atoms /cms n&tZtll. £tz. K&itTW? 
r x is 'J 3 yJK 1 8 cOil/Ste , *o**i«j&*_Lie<9 J: 
a=Sr«J»T*-»fc*&t:l 0 nmg*ei±fcRje-f*Uf 

[0070] ^<7)t*. H6(c) cstntiastii* 
jkh a i tetttz mmtmtfz. 1 4 ak 

( 5 o ox;SK13l±) ^TUflJ; 9{B^aEo3R«yi£ 
art". iWiS'flrJRWlfciBfcT. *M7W7rX 

ffiK 3 4>fcJR Oa^tLS X o 0 , £ fit J: 0 3iJ3S 

iffiti&tih. |HI«ffl7C«^JBl7 0** 

»S{4. 1 X 1 0 2 0 atoms/cms JJLbfciSfcJ&TSC: 
Mt LK i°L ±IBOJ; o ^MPifflTuS^WI 1 7 £JB 

h wz<mt£mm$m ( jesas^Bfs^ia ) 
ti . fit em 3 n»j tfett 4 ffittiST ^«*w B i t 
<,mmmztt:&t%it>ti&. 
[0071] ±mcox -o %w&xn<7)£xm£ii.* mi 
h'tmahu m 7 7ffiis«t ••/ i-yfmzim tx 

, 16(c). ( d ) fciS-rtfifJ-afctfl 
-XS«5hS:IA l 9-&^'ti:l>» £«ttt, 06 (e) t 

^tmnxmm i n»ih mmzm tx. m&y 
v ^ ym i sr*i«ffl7HR^« 1 7 mxmm i . s 



SIX 5 OK 0 ^^-ti-ffl^S^S^3S^^ B B B XPil^ii 

fcHbfcttt. H6 ( f ) t^tTOtxs^iiofi 

&4, 

[0072] h % ^w^smsMtfe^-r. ^fcffi«n 
2 frjM-i 1 1 J: . ;ix^ s o i m&nimftmxt 
bixmm^hm^t-tt^ui. k&ww? 

fcjc t x ft i K i> <r>x-h 4 . 

[0073] ( m 5 vmmvBB ) m i . ±iem4 

W£hm\z.-r>\\x<r>7mmh. w. 07 f±. im 
i s o i mmmm-th^^^xmm^: 

[ 0 0 7 4 ] BP*>. 0 7 ( a ) t^t-f * y?±A!ST' 
07 (b) t**t(RMlgT{4. ^ 

5 ± t . 7j<*-ftr ^;W7 t x i> >j n ym 1 9 
( *fsn.fl-ev ^ o MMtr^y r x¥mwwuzm ) 

i . * 4 S»J fc Rtt tffMt 4 . 
[0075] ZVm, 07 ( c ) t*tK0-&**lB 

tmfti. zmvzfritxmx'iz. ms*^ 

U 3 >-S^ 1 ±03j^ftftHK 2 ( i ttti«»W t S O I 

fttWIHTotSfc, ^c7)^^HM2c7)affl. M 
yt'<-xs^5c7)7j<*^r ; t;i/7TX>-'j 3>Mi 9 
(UO^ffit. m 1 »^J(cfc{t4lfi0^ib^lSc7)^ 

^5 /-ivmRx/mmizvm 

[00 76]^V^T-\ 07 (d) fciptlSSU^Tte. 

*<mmfflW£.i&i&&. ( 5 o o°cssw±) corm 

tT. 7k»-fhr ; &^7TX>'U3yMi 9+*»feHfflj£ 
Htt47K*^MS^ B H H ^I«{3 4'tIR , 9iiSix4 < j; o 

zt^z^^mm^mms^mws.m 

!B«|iJ«ffl7C*^Jil7*qgfi£S<xS. r<7)^. |ij 
gtfflTC*^-^! 1 7c7)7j<SvS*(i. 1 X 1 0 2 0 atoms/ 

{wsoMmwrn) frie^3nwtfc(t4fe6; 

[0077] ±iaoJ; 0 fcSfflOlg^gfittfctt. 07 

( e ) i,z^tmni.m 1 hm^j t nmizmfr ix . 
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mghis u 3 >mm i ^WMffl7c»^i i 7gftfK-§] 

ML. SOIflBiSrjefig-fS. S&t, iiJittSoUfT 

mzm&cofmmxnzm i isswajt isi«kmtLt. 

KH8«« 3 4 7 'y*^ B B H «^*^sD«<0 
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